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EXECUTIVE SUMMARY

This report provides the results of communication analysis for the baseline and enhanced
performance spacecraft designs* proposed for Expendable Explorer Spacecraft (EES)
series of missions, to be launched in 1998 through 2005. Five classes of orbits
(Geosynchronous, Circular-28 degree inclination, Polar-90 degree inclination,
Sunsynchronous-97 degree inclination, Molniya orbit) and a set of candidate instrument
payloads provided by the EES Study Manager were used to formulate the basis for the EES
Communication Study.

This study was performed to assess the feasibility of using Space Network or ground
stations for supporting the communications, tracking and data handling of the candidate
instruments that are proposed to be launched into the desired orbit.

All orbits except the geosynchronous and Moiniya orbits are capable of being supported by
current TDRSS capabilities. Either Wallops or GSFC NTTF could be used as the ground
station for these two exceptions. The ATDRSS system with a look angle of 77.5 degrees
either side of nadir point line can easily support all five classes of orbits. It should be in
place in the beginning of the EES period.

For the low Earth orbit mission (Circular-28 degree inclination, Sunsynchronous-97 degree
inclination, Polar-90 degree inclination), the enhanced design spacecraft could support via
TDRSS all but three of the low Earth orbit strawman instruments. One of the three could
be supported as well if a longer contact period via TDRSS were to be used.

For the low Earth orbit mission (Circular-28 degree inclination, Sunsynchronous-97 degree
inclination, Polar-90 degree inclination), the baseline spacecraft design could support six of
the 22 low Earth orbit strawman instruments via Wallops with only minor modifications to
the Wallops equipment. Nine more of the low Earth orbit strawman instruments could be
supported but would require upgrades to the Wallops communications and data handling
equipment. Seven of the strawman instruments cannot be handled without upgrades to
Wallops' RF equipment which could be cost prohibitive. Five of these seven that cannot
be supported via Wallops could be supported via TDRSS using an enhanced design.



For the high Earth orbit mission (Geosynchronous, Molniya), there were two out of three
strawman instruments that can be supported by the EES designs via ATDRSS. One very
high data rate instrument would require K-Band support which is beyond the EES design.
Two out of three strawman instruments can be supported by the EES designs via Wallops.
Again, the very high data rate instrument would require K-Band support which is beyond
the EES design.

In the consideration of using ground stations for supporting the candidate instrument
payloads in low inclination or polar orbits, the capabilities of the non-NASA facilities, the
transportable ground station, and a dedicated equatorial ground station was examined to
determine how to effectively support the EES mission. Several of these approaches appear
viable and capable of supporting a wide range of potential EES instrument payloads.
However, the implementation details and costs of these approaches should be studied
further.

* The baseline spacecraft design provides an average data rate of 10 kbps, and uses a
TDRSS-compatible transponder and omnidirectional antenna. The enhanced spacecraft
design provides an average data rate of 100 kbps, and uses a TDRSS-compatible
transponder and a high gain antenna.



ACRONYMS

AERO Upper Atmosphere & lonosphere
AEROS Actve Explorer Research Observing Satellite
AIDR Average Instrument Data Rate
AM Ammosphere-lonosphere-Magnetosphere Explorer
ARTBE Auroral region Tethered Bolo Experiment
ATDRSS Advanced TDRSS
AVT Average Viewing Time
C&DH Command and Data Handling
CCSDS Consultative Committee for Space Data Systems
COBE Cosmic Background Explorer
CPD Contacts Per Day
DOD Department of Defence
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EIRP Effective Isoopic Radiated Power
EMAOQO Earth/Mars Aeronomy Orbiter
ERBS Earth Radiation Budget Satellite
ESA European Space Agency
ESSA Electronic Switching Spherical Arrays
EUVU Ultra-Violet and Visible Astronomy and Relativity
EXCAM Energetic X-Ray Camera
FOV Field of View
Gbits Gigabits
GEO Geosynchronous Orbit
GHz Gigahertz
GOES Geostationary Environmental Satellite
GPS Global Positioning System
GSFC Goddard Space Flight Center
G/T Ration of Receiver Gain to System Thermal Noise Temperature
HEASI High Energy All Sky Imager
HECRE High Energy Cosmic Ray Explorer
Hi-E High Energy Astrophysics
HEO High Earth Orbit
HXRE Hard X-Ray Explorer
HXSIE High Throughput X-Ray Spectroscopy and Imaging Explorer
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IRSU Infra-Red and Radio Astronomy
IUE International Ultraviolet Explorer
JPL Jet Propulsion Laboratory
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1.0 INTRODUCTION

1.1 ~ PURPOSE OF STUDY

The National Aeronautics and Space Administraion (NASA) intends to launch a
series of Expendable Explorer Spacecraft (EES) during the 2000’s. These missions will
have a range of orbits from near-Earth, to highly elliptical, to geosynchronous. Their
purpose is to support experiments covering the disciplines of aeronomy, ultra-violet and
visible astronomy and relativity, high energy astrophysics, infra-red and radio astronomy,
magnetospheric physics, and solar physics.

The EES is a mass produced spacecraft bus that can house a variety of scientific
experiments operating in a wide range of mission orbits. The desired duration of these
experiments ranges from 12 to 36 months. EES spacecraft are expected to be launched
approximately every 18 months over a six-year period beginning in 1999. The launch rate
and desired duration implies that as many as three spacecraft may require support at one
time; this number may increase if an EES remains active beyond its planned lifetime.
Simultaneous support of three or more spacecraft may be required if they are being
supported by the same ground station.

It is proposed to use the Delta rocket to launch these payloads. The Delta launcher
will deliver payloads from 250 kg to 4000 kg to orbits ranging from near-Earth to
geosynchronous, from near the equator to high inclination. The largest Delta shroud
allows a payload volume up to 32.3 cubic meters. The variety of orbits and payload
constraints allows some flexibility in the communications choice for each mission.

CTA, Incorporated was given a task to quantitatively analyze communication
alternatives for selected orbits and candidate experiments. The benefits and costs of using
either the Space Network or Ground Stations for EES communication are evaluated in the
report. Both the spacecraft design and the mission support operations are considered. Key
technical issues are addressed, and the most suitable approaches to EES communications
are identified.
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1.2 STUDY APPROACH

The approach taken was first to review the study environment and drivers. [t
included an examination of capabilities and constraints of existing and future Space
Network (SN) and Ground Stations, review of launch vehicle performance, and analysis of
proposed orbits and contact times as well as the selection of candidate instrument payloads.

Sensitivity analysis indicated that orbit geometry and data rates would drive the
study results. Inputs from the EES Study Manager were used to select a class of orbits and
responses to the Explorer Concept Study Program Notice [Ref. 1] were used to identify the
strawman experiments and derive expected data rates.

The study then focused on the link margins and contact times using link
calculations, SN capabilities including Advanced Tracking Data Relay Satellite System
(ATDRSS), Ground Station capabilities, possible orbits, and possible data rates.

Analysis was then performed to decide whether the Tracking Data Relay Satellite
System (TDRSS) or ground stations should be used. This analysis utilized the link
margins, baseline and enhanced EES design options [Ref. 2], and the data rate
requirements of the srawman experiments.

1.3 ORGANIZATION OF REPORT

Section 2 of this report contains background data on the capabilities of the existing
SN and ground stations. It also describes future TDRSS and ATDRSS capabilities and
discusses their possible impact on EES communications. Readers who are familiar with
this information should skip to section 3.

Section 3 discusses the drivers and requirements embodied in launch vehicle
performance, orbits, contact imes, and strawman instrument considerations.

Section 4 evaluates the link margins when using the SN to support the EES.

Section 5 evaluates the link margins when using ground stations to support the
EES.
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Section 6 considers ground station and communication alternatives including non-
NASA and foreign resources, transportable ground stations, and direct transmission of data
to scientific investigators.

Section 7 presents overall conclusions and recommendatons.

Appendix A presents the view times of several strawman instruments with various
ground stations and TDRSS. These view times were extracted from computer printouts,
provided by Code 554.0 in support of this study, and listed in tabular form for each of the
selected strawman instruments. The average view time for Wallops was used to determine
contact times that can be expected for spacecraft with similar orbits. |

Appendix B is the SEAS TEAM QUICK NOTE provided by Code 554.0 that
contains the maximum slant ranges to various strawman instruments from several ground
stations and TDRSS. It also provides the equations used to determine those maximum
slant ranges which were used for the figures in the conclusions.

Appendix C explains the link calculation used in section 5.

Appendix D explains how the data rate requirements used in the figures in the
conclusions were derived.
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20 BACKGROUND ON THE SPACE NETWORK AND NASA GROUND
STATIONS

This section contains background data on the capabilities and limitations of the
NASA communications resources, including TDRSS/ATDRSS and NASA ground
stations. Note: readers that are knowledgeable on this subject should go on to section 3.

2.1  SPACE NETWORK CAPABILITIES

This secdon describes current and projected capabilities of the SN that are relevant
to the support of EES. These capabilities are discussed in terms of two applicable SN
systems, the S-Band Multiple Access (MA) system and the S-Band Single Access (SSA)
system. The K-Band single access (KSA) service was Judged not relevant to the EES
concept because of expense; its capabilities are mentioned in this section but its application
to EES will not be studied in the other sections. Table 2.1-1 summarizes the SN
capabilities.

Signals originating on the ground and flowing through a Tracking and Data Relay
Satellite (TDRS) en route to a user spacecraft are said to use the forward link, while signals
originating in a user spacecraft and flowing through a TDRS en route to the ground are said
to use the return link.

With a single TDRS in operation, communication with a user is feasible for
approximately half of each user spacecraft orbit. Currently two TDRSs are operational.
Each TDRS is placed in a geosynchronous orbit, with one axis pointed to the center of the
earth. The TDRS points its antennas at the spacecraft it supports; using mechanical
pointing in the case of the SSA antennas, or electrical pointing in the case of the S-Band
MA antenna array. In either event, the antennas are not pointed more than approximately
20° away from the line connecting the TDRS to the center of the earth. The geometry of
this limitation requires that a spacecraft in a circular orbit can not have an altitude greater
than 12,000 km above the surface of the earth. For spacecraft in low Earth orbit (LEO),
nearly continuous communication is expected to be feasible except in the zone of exclusion
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(ZOE). The ZOE is a region over the Indian Ocean where spacecraft with orbits at altitudes
lower than 1200 km are not visible to either TDRS. Spacecraft with orbits higher than
12,000 km are visible to a TDRS only a small part of the time because the spacecraft is
outside of that TDRS's viewing angle for a large part of the orbit. Figure 2.1-1 shows the
middle coverage zone geometry of TDRSS for user spacecraft at altitudes between 1200 km
and 12,000 km. This figure also shows a no-coverage zone which is the ZOE for
spacecraft with altitudes less than 1200 km. A TDRS can support spacecraft with orbits
greater than 12,000 km but only when it passes through the specific coverage zone
geometry for that TDRS. Figure 2.1-2 shows this TDRS upper coverage zone geomeuy.
Figures 2.1-1 and 2.1-2 were taken from the SN Users Guide [Ref. 3].

NASA plans to have four TDRSs in orbit by 1995 and will phase out TDRSS with
ATDRSS in the EES time frame, this is discussed in Section 2.1.3.
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Table 2.1-1.  Space Network Capabilities

Ta:_aabﬂi% MA — SSA
R LINK
Simultaneous Users 1 per TDRS 2 per TDRS
EIRP 34 dBW 43.6 dBW
Frequency 2106.4 MHz 2025-2120 MHz
Polarizaton LCP LCP or RCP
Maximum Data Rate 10 kbps 300 kbps
Range Error 50 nsec 50 nsec
RETURN LINK
Simultaneous Users 20 * 2 per TDRS
G/T -1.9 dB/degK 9.2 dB/degk
Frequency 2287.5 MHz 2200-2300 MHz
Polarization LCP LCP or RCP
Data Channels 2 2
Data Rate 0.1-50 kbps 6 Mbps
Notes:
TDRS = Tracking and Data Relay Satellite
EIRP = Effectve Isoropic Radiated Power
dBW = decibels relative to | Wart
MH:z = megahertz
LCP = left hand circular polarization,
RCP = right hand circular polarizaton
nsec = nanosecond (10-9 sec)
G/T = Teceiver gain per system noise temperature
dB/degK = decibels relative to (1 degree Kelvin)-1

* Maximum simultaneous links is a function of the TDRSS ground
terminal equipment.

2-3



3

D~
23
%2}
Z3

=

+'!H

Iy
H
§

¢ 3

i

k-]

?

? @

553'

cnmg

E ¢ ©

- 8 u
-

§ 3 8

2 3 3

TDRS East :

Shadow
__ Zone

D
ih 3
il ' a N
p N“q

age Zone Geomelry,

fi Alitudes from 1200 to 12,000 km

Figure 2.1-1. TDRSS Middle Cover
Spacecra

User



wy 000‘Z1 ueyy J3jeasy apn3jiLy ‘A132wody auoz abeaano) s3ddp SyglL

aianiAaod
naAsN \

JTIONY
ONINA3LS
WNNIXVYW 1 HNOLNOD

Udyy
TA0y
dLON
b/

- -

nisn

"Z-1'7 9mdyy

/ /
F) AANAAOD

UIsN

a3y3.n00 LOX 34381

3NOZ MOQVHS



2.1.1 Present Multiple Access (MA) System

The MA system provides bi-directional S-Band communications channels between
ground facilities and multiple user spacecraft. These channels are normally used to send

telemetry, command, and tracking signals.

The MA space segment on each TDRS uses a phased array of antennas to provide a
single forward link data channel and up to 20 return link data channels. MA services are
time-shared among users to provide essential services to as many users as possible.

The MA system permits command rates of up to 10 kilobits per second (kbps),
telemetry rates of up to 50 kbps, and measurement of user range and range rate. The
forward link operates at 2106 megahertz (MHz) and uses spread spectrum techniques to
limit the spectral power density impinging on the ground. The return link operates at 2288
MHz and uses code division multiple access techniques to separate the signals of multiple

users.

Users of the MA system must employ a transponder that meets NASA
specifications. Such transponders are readily available from several vendors.

2.1.2 Present Single Access (SA) System

The SA system provides bi-directional S-Band and K-Band communication
channels between ground facilities and up to two user spacecraft per TDRS. These
channels are normally used to transmit high rate sensor data along with telemetry,
command, and tracking signals.

Each TDRS has dual 15-foot (4.6-meter) SA antennas that can be independently
pointed at separate user spacecraft. Each antenna can provide bi-directional communication
with a single user with two data channels in each direction. SA services are time-shared
among multiple users to provide communications for as many users as possible.

The SSA system permits command rates of up to 300 kbps, telemetry rates up to 6
Mbps, and measurement of user range and range rate. While the MA system uses fixed
operating frequencies, the SSA system is turnable over a band of frequencies, 2025 to
2120 MHz for the forward link and 2200 to 2300 MHz for the return link.
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The K-Band Single Access (KSA) system permits nominal command rates of up to
25 Mbps, telemetry rates up to 300 Mbps, and measurement of user range and range rate.
The KSA forward link operates at 13 GHz and the return link operates at 15 GHz.

SA users face fewer compatibility requirements than MA users and have greater
freedom in choosing frequencies and transmitter power levels. The SA service is therefore
in demand, and must be allocated to competing missions on a priority basis. The EES
missions are unlikely to receive a high priority in this evaluation and will probably find
access to the SA service very restricted unless future TDRSS capabilities relax these

constraints.

2.1.3 Future TDRSS Capabilities and the ATDRSS Era

In 1995, a second TDRS will be added to both the East and West satellite locations
to begin the "Cluster" operation that will double the support capabilities. These TDRS will
offer S-Band MA, SSA, and KSA services. Currently, a Second TDRSS Ground
Terminal (STGT) is being built to support the Cluster operations.

The ATDRSS era will be from 1997 to 2012. Replacement of the TDRS with
ATDRS is expected to occur over a seven year period, from 1997 to 2003 (Ref. 4].
ATDRS will provide enhanced capabilities including support for Ka-Band, data rates to
650 Mbps, and orbits to geosynchronous. Table 2.1-2 shows a baseline service
comparison of TDRSS and ATDRSS [Ref. 5]. Each ATDRS will have an expanded field
of view (FOV) for the SSA services. The FOV for each SSA antenna is +22.5° east/west
and £31° north/south of the nadir point line. If the +77.5° east/west FOV is realized then a
minimum slant range to a satellite in geosynchronous orbit is approximately 15,500 km.
Figure 2.1-3 shows the viewing capability of ATDRSS using a look angle of 70° either side
of the nadir point line. The £70° FOV is a conservative approach but demonstrates that
ATDRSS can easily cover spacecraft out to geosynchronous. Using a £70° FOV, the
minimum slant range to a geosynchronous satellite is about 28,900 km. EES
communications will need to meet TDRSS limitations in the earlier part of the mission but
should be able to rely on ATDRSS capabilities during the later part of the mission time
frame.
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Figure 2.1-3. ATDRS Field of View (SSA)
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2.2 NASA GROUND STATION CAPABILITIES

Table 2.2-1 identfies NASA and National Oceanic and Atmospheric Administration
(NOAA) ground stations that may be available in the EES series time frame. The location
of these stations are mapped in Figure 2.2-1.

Table 2.2-1. Locations of Available NAS A Ground Stations

Staton Location Functions
Bermuda, UK 65°W, 32°N tracking, KSC launch
Canberra, Australia 149°E, 36° S DSN
Fairbanks, Alaska 212°E,65°N NOAA data reception
Goldstone, California 117° W, 35° N DSN
Madrid, Spain 4°W,40° N DSN
Merritt Island, Florida 80° W, 28° N tracking, KSC launch & landing
Wallops Island, Virginia 75° W, 38° N tracking, launch
Note: DSN = Deep Space Network
KSC = Kennedy Space Center
NOAA = National Oceanic and Atmospheric Administration.

Communication between a ground station and a spacecraft in Earth orbit is only
possible while the spacecraft is above the ground station horizon. Usable view periods
range from approximately 5 minutes to 24 hours, depending on the spacecraft orbit.

When the baseband signal spectra are compatible, the uplink supports simultaneous
command and ranging transmissions, and the downlink supports simultaneous telemetry
and ranging reception. The available uplink and downlink frequency ranges are 2025 to
2120 MHz and 2200 to 2300 MHz, respectively.

NASA ground stations are equipped to modulate commands on a 16 kilohertz (kHz)
subcarrier, thus limiting the command data rate to a maximum of approximately 8 kbps; 2
kbps is the norm. Downlink demodulation is supported to a maximum bandwidth of 10
MHz, corresponding to a maximum downlink bit rate of approximately 5 Mbps. Each
ground station is capable of range and range rate measurements although current user
transponders are not compatible with ground range and range rate signals. Orbit
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computation is performed in a central location at GSFC, with results fed back to the
tracking stations to support continuing operations and to the science community to support
darta interpretation. If frequent tracking measurements are made, the position uncertainty of
the computed orbit is typically less than 100 meters [Ref. 6].

The ground station interface with user spacecraft employs a continuous stream of
serial data, while the ground station interface with NASA Data Capture Facilities uses a
discontinuous stream of data blocks. Conversion and buffering for the latter interface are
accomplished in data formatting equipment. The rate capability of this equipment
potentially limits the rate of off-site data transmission. Whether this will be a problem for
EES will depend on the required downlink data rate and whether there is a need to relay the
data at full rate.

In general, each of the available NASA ground statons is capable of satisfying EES
requirements as they are presently understood, providing that the EES communications
system is designed and implemented to be compatible with NASA ground station
interfaces. The NASA ground stations will be upgraded to be able to handle Consultative
Committee for Space Data Systems (CCSDS) compatible EES communications, command
and data processing.

2.2.1 Launch and Landing Ground Stations

NASA has tracking stations located at Merritt Island, Florida and Bermuda, United
Kingdom. Each station uses a 9 meter antenna for S-Band support of launch and landing
operations. These stations are also permitted to support orbiting spacecraft during
spacecraft emergencies.

2.2.2 Wallops Island Orbital Tracking Station (WPS)

WPS has a charter to support Earth-orbiting spacecraft when TDRSS support is
inappropriate. WPS currently supports the Interplanetary Monitoring Platform-8 (IMP-8),
International Ultraviolet Explorer (IUE), Cosmic Background Explorer (COBE), and
Nimbus-7. These spacecraft require a variety of communication alternatives: IMP-8 uses
Very High Frequency (VHF) communication, IUE uses hybrid VHF/S-Band, and
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Nimbus-7 uses S-Band. Except for COBE, these spacecraft were designed and built prior
to the establishment of the SN.

The station presently operates around the clock, seven days per week. Adequate
control room electronics and staffing are in place to support dual S-Band operations and
one hybrid VHF/S-Band operation, i.e. the [UE. Solar cell and battery deterioration on
IUE indicate it is unlikely to survive Earth shadow beyond 1994. The VHF support
capability will probably be dropped with IUE. Therefore, Wallops post-IUE capabilities
may be reduced to a single S-Band mission.

The Wallops Island 9-meter S-Band antenna would be the logical choice for EES
operations since it has ample gain and can provide both uplink and downlink. Wallops
Island uses additional S-Band antennas to support range operations. Under the terms of
present agreements, these antennas cannot be committed support of Earth orbiting
spacecraft, but can be used in contingency situations.

Wallops Island uses a unique data formatter which has been tested to 1 Mbps and
which may be operable at somewhat higher rates. The analog tape recorder inventory
includes four machines with a 2 MHz bandwidth, and one machine with a 4 MHz
bandwidth. The data communications interface includes numerous terrestrial circuits, a
Radio Corporation of America (RCA) satellite service, a 224 kbps Time Division multiplex
Access (TDMA) interface, and a variable rate TDMA interface with a maximum capability
of 1.544 Mbps.

Wallops Island is capable of supporting a single EES in non-equatorial orbit with
minimal system enhancements and no staffing increase. However, both system
enhancements and staffing increases may well be required if two or more EES required
simultaneous support at Wallops Island.
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2.2.3 Deep Space Network (DSN) 26-Meter Subnet

The DSN operates a subnet using 26-meter diameter antennas at three stations near
Goldstone, California; Canberra, Australia; and Madrid, Spain. The Goldstone station also
has a 9-meter antenna. This subnet is available to support Earth-orbiting spacecraft. The
network operates around the clock supporting a set of ground-compatible spacecraft that
includes Landsat, Nimbus, and Dynamics Explorer. The stations are located in mid
latitudes and are capable of providing support for spacecraft launched from Merritt Island,
Wallops Island, and Vandenburg Air Force Base, but not from San Marco. These
locations are depicted in Figure 2.2-1.

The size and sophistication of the DSN antennas provide ample link margins for
EES support. Data formatters currently in use are proven at 224 kbps and may be capable
of higher rates with suitable programming. Data communication lines are limited to 224
kbps at Goldstone and 56 kbps at Canberra and Madrid. These stations are dedicated to the
support of deep space missions. Currently, Galileo and Magellan are the deep space
missions being supported by the DSN. An EES mission would have to be coordinated
with any deep space missions of a specific time frame to get DSN support.

In addition to specific capabilities for supporting deep space probes, each DSN
station is equipped with Launch and Landing Ground Station-unique hardware. The 26-
meter subnet is capable of supporting EES in non-equatorial orbits with minor limitations.
Science data downlink may have to be recorded at the station and played back later at
reduced rates consistent with the available communication line bandwidth.
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3.0 DRIVERS AND REQUIREMENTS

Section 3 briefly discusses Delta launcher performance in section 3.1, the
requirements of the strawman instrument payloads in section 3.2, and orbit driven contact
time constraints in section 3.3. These requirements are then used as the basis for analysis
of design tradeoffs ("considerations") for the communications subsystem, data handling
subsystem, and spacecraft operations discussed in Sections 4 and 5.

3.1 LAUNCH VEHICLE PERFORMANCE

The EES will be launched on a Delta 7920 or 7925 rocket. Figure 3.1-1 and Figure
3.1-2 are taken from the Delta users manual [Ref. 7] and show the apogees that various
payload weights can be lifted to using a two stage or three stage Delta, respectively.

The Delta is capable of inserting payloads into low Earth, sun synchronous, high
eccentricity, and geosynchronous orbits. The lift capabilities of the Delta and the
subsequent constraints put on the payload weight and volume are discussed in an
independent study performed by the EES Study Team. The drivers for this study on
communications analysis are slant ranges generated by the range of possible orbits that can
be achieved, and contact times that are observed for each orbit. From these the transmitter
and antenna requirements are derived.
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3.2 STRAWMAN INSTRUMENT CONSIDERATIONS

A list of srawman instruments was developed by reviewing responses to a "Dear
Colleague" letter issued by NASA Headquarters. Responses came in the form of forty-five
Explorer mission proposals [Ref. 1] which were sorted into six disciplines. The discipline
groups are: Upper Atmosphere & Ionosphere (AERO); Ultra-Violet and Visible
Astronomy and Relativity (EUVU); High Energy Astrophysics (Hi-E); Infra-Red and
Radio Astronomy (IRSU); Magnetospheric Physics (MAGN); and Solar Physics (SOLR).
Twenty-five proposals were picked as a test group for this study. The proposals used
represent each discipline and include a wide range of parameters for power usage, orbit,
data rate, dimensions, mass, pointing accuracy required, and mission length. Although
these twenty-five experiments are a preliminary selection, they may be assumed typical of
their fields of study, and were used to develop the EES mission model for the
communication study. These strawman experiments were selected for this study strictly for
the purpose of sizing data communications and processing requirements. Table 3.2-1
shows how many proposals were picked from each discipline and how many times each
discipline is represented.

Table 3.2-1.Science Disciplines Represented by the Strawman

DISCIPLINE NO.PROPOSALS  NUMBER USED NO. DISCIPLINES

EACH DISCIPLINE FOR TEST REPRESENTED
AERO 11 6 8
EUVU 13 5 5
Hi-E 12 6 7
IRSU ' 6 3 3
MAGN 8 2 5
SOLR 6 3 4
TOTAL 56 25 32

34 PRECEDING PAGE BLANK NOT FILMED



Table 3.2-2. Strawman Experiments for Expendable Explorer Spacecraft
POWER ORBIT DATA RATE (kbps) AP(?CmURTTCGY MISN
EXPERIMENT M(:SS (Waas) STABILIZATION|  (Arcsec) | LNTH
PERIG | APOG | INCL DUTY
PEAK | AVG | (um) | Gam) | (deg) | PEAK | AVG :\({)% CTRL | KNLG | MoO.
AEROS 425 | 100 | 50 | 600 [2000| 90 | 131 [ 16 | 12 3 axis 3600 | 360 | 24
AIM 120 200 | 300 |12000{ 90 14 | 100 Spin 3600 | 360 | 24
ARTBE 800 200 | 1000 {13000| %0 | 80 | 20 Spin 700 | 1080 | 24
‘;’;y“g;;:;";," 700 200 | s00 | so0 | s7 16 | 1000 3-axis 350 12
';;’;{A;“p‘: 3100 600 | soo | soo | 975 | 300 | 300 | 100 3 axis 3 12
EMAO 1000 | 400 | 300 | 150 | 4000 | 9 | 200 | 20 | 25 600 | 600 | 24
EXCAM 850 | 110 | 110 | soo | soo | 28 | so0 | 30 3-axis 600 24
HEAST 2400 1500 | 600 | 600 | 28 | 1000 | 150 | 15 3 axis 32 2 16
HECRE 2500 | 375 | 375 | s00 | s00 | 28 | 102 | 100 | 10 | NotSpecified | 10800 12
HXRE aso | 75 | 75 [ 600 | 600 | 28 | 20 | 20 | 100 3-axis 7200 | 348 | 36
HXSIE 3266 | 416 | 416 | 700 | 700 | 28 | 48 | 48 3 axis 300 { 10 | 36
DMAGE 200 210 [ 19200 |s64000| 90 | 90 | 11 | 100 Spin 1800 | 360 | 12
LUX 2000 so0 | soo | soo | 285 120 | 100* 3 axis 1 36
LYMAN | 1030 250 | soo | so0 | 28.5 |4s000| 24 | 100° 3 axis 0.10 36
MELTER | 115 320 | 660 | 660 | 98 12 | 6 3-axis 0 | 70 | 2
Mig;‘;‘fg,‘;‘,‘“ 400 | 200 | 100 | 350 | 1500 | s7 800 | 10 | NotSpecified | 360 | 360 | 24
Ew,:i"p\f,‘::’: 300 100 | soo |1s000| 90 50 Spin 1800 | 360 | 12
NAE 1200 | s00 | so0 | 450 | 450 | 28 | 15 1s | so 3-axis 60 | 0 | 24
NIREX 1200 s0 | 700 | 700 | 285 | 4 4 | 100 3-axis 600 24
QUASAT | 1000 1000 | 18900 | 33172 | 63 |128000] 128000 100 3 axis 60 2
SAMEX 400 | 95 | 95 | 2150|2150 | 106 | 53 | s3 | 100 3 axis 5 1 36
SHAPE 1565 | so0 | soo | soo | soo | 285 [ 2300 | 80 | 1S 3 axis 120 | 020 | 36
SOFE 300 | 150 | 150 | so0 | so0 | 285 25 | 60 | Notspecified 10 s 12
SpEx 2000 | 800 | s0.| soo | so0 | 285 | 64 | 64 | 100 3 axis 3 3 12
SYNOP toso | 225 |36000|36000| 0 0.04 | 100 3 axis 3600 60
* 100% dury cycle assumed
APOG = Apogee CYC = Cycle LNTH = Length
AVG = Avenge INCL = Inclination MISN = Mission
CTRL = Conrol KNLG = Knowledge PERIG = Perigee
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Nine of the proposals contained multidiscipline experiments, this is the reason the
total number of proposals in each discipline is greater than the actual number of proposals.
Seven of the multidiscipline experiments were used for this study. Table 3.2-2 lists the
experiments and shows their proposed instruments masses, power requirements, orbit
parameters, data rates, stabilization required, and pointing accuracy requirements.

Stabilization was included because antenna requirements for a spin stabilized
spacecraft are different than for a three axis gyro stabilized spacecraft. Power and mass
considerations are being addressed in another study but were included in Table 3.2-2 for
information.

The data rate and duty cycle are used to indicate what the transmission rate will be
during contact time. The orbit parameters are used for calculating contact times and
maximum slant range, Not all the orbits fit into a specific orbit class but for the study
purpose they were put in a class as shown in Table 3.2-3. These orbit classes will be
discussed in section 3.3.

Since most of these instruments prescribe orbits which are very different from the
five classes of orbits to be discussed (but stll within capabilities of the Delta launch
vehicle), they were analyzed separately from the five classes of orbits.

The EES Study Team expressed preference for supporting these instruments
entirely from one or more ground stations, fearing that use of the TDRSS would impose
complex and costly requirements for high power wansmitters and steerable spacecraft
antennas. The RF propagation path to a ground station is much shorter than the path to a
TDRS. The obvious conclusion is that a less costly RF system, including a lower gain
spacecraft antenna, would be required for transmission directly to ground, avoiding the
long path to TDRS. Noththstandmg this, support via TDRSS is considered as part of this
analysis and compared with support of the same spacecraft via one or more ground
stations.

As an aid in this analysis, the strawman instruments have been grouped according
to the criterion of whether the instrument orbit exceeded the allowable TDRS viewing
angle. This grouping is shown in Table 3.2-4. The allowable TDRS viewing angle is
explained in Section 2.1 and Section 2.1.3 for ATDRSS.
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Table 3.2-3.

Orbit Class Assigned

ORBIT CLASS

EXPERIMENT

1 Geosynchronous

2 Low Earth Orbit, 28 degree inclination

3 Polar Orbit

Asteroseismology Explorer*
EMAO

Microphysics Explorer*
Multprobe Explorer Mission

4 Sun-Synchronous Orbit

Astro./Atmos. Spect. Expl.
MELTER
SAMEX

5 Molniya

IMAGE
QUASAT

* Actual inclination is 57 degrees.




Table 3.2-4. Strawman Instruments for EES That Can Be Supported By TDRSS

Instrument Mass (kg) Perigee Apogee Incl(®) Data Rate (kbps)
(km) (km)
Max Avg
Instruments with limited TDRSS coverage
IMAGE 200 19,200 64,000 90 90 11
QUASAT 1,000 18,900 29,560 63 128,000 128,000
SYNOP 1050 36,000 36,000 0 0.04 0.04
Instruments with near-continuous TDRSS coverage
Astro/Atmos | 3,100 500 500 97.5 300 300
AEROS 425 600 2,000 90 131 15
AIM 120 300 12,000 90 14 14
ARTBE 800 1,000 13,000 90 800 20
Asteroseismo | 700 500 500 57 36 36
EMAQ 1,000 150 4,000 90 200 20
EXCAM 850 500 500 28 500 30
HEASI 2,400 600 600 28.5 1,000 150
HECRE 2,500 500 500 28.5 102 100
HXRE 450 600 600 28 20 20
HXSIE 3,266 700 700 28 48 48
LUX 2,000 500 500 28.5 120 120
Lyman 1,030 500 500 28.5 48,000 24
MELTER 115 660 660 98 12 12
Microphysics | 400 350 1,500 57 800 800
Multiprobe | 300 500 15,000 90 50 S0
NAE 1,200 450 450 28 15 15
NIREX 1,200 700 700 28.5 4 4
SAMEX 400 2,150 2,150 106 53 53
SHAPE 1565 500 500 28.5 2,300 80
SOFE 300 500 500 28.5 25 25
SpEx 2,000 500 500 28.5 64 64
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In theory, a spacecraft in a highly elliptical orbit could be supported by TDRSS during
those tmes when it was within the allowable viewing angle. Contact times for six of the
orbits (AEROS, AIM, ARTBE, EMAO, Microphysics Explorer, and Multiprobe Explorer
Mission) that fell within TDRSS coverage zone were analyzed over a two day period. It
was found that orbits that went outside the TDRSS coverage zone by only a few thousand
kilometers could be handled by TDRSS. Tables 3.2-5 and 3.2-6 show the times during
which the Multiprobe Explorer Mission would be visible to one of the TDRS or to a ground
station [Ref. 8]. Apogee occurs over the Indian ocean in one table and perigee occurs over
the Indian ocean in the other table. These configurations were chosen since they would
produce the longest periods of non-contact with a TDRS. The longest period of loss of
sight by both TDRS was 20 minutes and occurred twice in two days. It appears the
TDRSS can be used for highly elliptical orbits that extend as far as 3000 km beyond the
12000 km outer limit. Note that when ATDRSS is in full operation all orbits of the
strawman instruments could be supported, in theory, as is explained in Section 2.1.3 and
shown in Figure 2.1-3.
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Table 3.2-5. Contact Times for Multiprobe (Apogee over Indian Ocean)

Multiprobe
Apogee over the Indian Ocean
Satellite view time (in minutes) at the given stations.
Event # Wallops | Goldstone| Alaska | Canberra Madrid
TDRS1 TDRS2 WPSA DS 16 ULAE DS 46 DS 66
1 630.00 265.50 155.10 167.56 99.49 19.42 28.96
2 388.00 252.00 50.63 126.02 103.00 134.27 7.41
3 254.00 646.00 15.57 15.89 76.65 168.57 98.72
4 629.00 423.00 136.43 165.63 39.25 15.16 152.37
5 371.00 252.00 161.90 139.98 34.96 118.56 53.59
6 257.00 629.00 18.08 6.57 82.02 170.11 14.49
7 59.47 98.41 18.23 155.37
8 84.25 63.29
9 46.51
10 30.29
11 80.06
Mean 421.50 411.25 85.31 103.61 71.35 92.05 71.78
Median 379.50 344.25 59.47 133.00 80.06 118.56 58.44

Period = 4.64 hours

Inclination = 90 degrees

Table represents events during a 2 day period.
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Table 3.2-6. Contact Times for Multiprobe (Perigee over Indian Ocean)

Multiprobe
Perigee over the Indian Ocean
Satellite view time (in minutes) at the given stations.
Event # Wallops | Goldstone | Alaska | Canberra Madrid
TORS1 TDRS2 WPSA DS 16 ULAE DS 46 DS 66
1 543.50 367.00 69.63 16.81 32.36 77.72 56.71
2 253.00 367.00 160.79 119.49 40.07 18.96 152.05
3 391.00 261.00 121.01 167.68 80.80 170.53 61.82
4 631.00 256.00 15.91 17.91 100.36 118.15 13.20
5 252.00 374.00 60.36 85.72 101.75 17.54 44 .83
6 645.50 628.00 153.38 37.55 168.49 146.50
7 253.00 156.32 36.80 66.46 131.36
8 73.85 166.81
9 105.42
10 108.96
Mean 452.67 358.00 105.34 81.52 71.79 51.12 56.66
Median 467.25 367.00 121.01 85.72 77.33 77.72 96.59

Period = 4.64 hours

Inclination = 90 degrees

Above table represents events during a 2 day period.
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3.3 SPACECRAFT ORBIT CONSIDERATIONS

Each spacecraft in the EES series is planned to be placed into orbit using a Delta
launch vehicle, with the choice of orbit parameters depending on the instrument(s) carried
on that particular spacecraft. The Delta launch vehicle can launch into a significant range of
possible orbits, of which five were chosen for emphasis in this study.

3.3.1 Types of Orbits to be Supported

The following five typical orbits have been chosen by the EES Study Manager for
emphasis.

a. Geosynchronous orbit: 0° Inclination, 36,000 km Aldtude
b. Circular orbit: 28° Inclination, >500 km Altitude

c. Polar Orbit: 90° Inclination, >500 km Altitude

d. Sun-synchronous orbit: 97° Inclination, >700 km Altitude
e. Molniya: 63.4° Inclination, 370 - 40,000 km Altitude

All orbits except the geosynchronous and Molniya orbits are capable of being
supported by current TDRSS capabilities, although ATDRSS may be able to handle these
orbits too. In addition, all these orbits ar